A raw fish-juice was prepared and sterilized through the use of ttCo y-irradiation. It was evaluated for suitability in an agar medium for testing the proteolytic activity of bacteria isolated from fish. Microorganism proteolytic activity was also detected by conventional methods with skim milk-agar. We tested 1,145 isolates from fresh and spoiling irradiated (0.0, 0.3, and 0.6 Mrad) yellow perch fillets for proteolytic activity, by the use of both media. Most isolates that showed proteolytic activity exhibited this activity in both media. A few isolates showed proteolytic activity only in one medium or the other. Proteolysis was found mainly among bacteria isolated from nonirradiated perch fillets. Nonproteolytic organisms were slightly more abundant than were proteolytic ones throughout refrigerated storage (6 days); the latter constituted 48% of the total organisms. Irradiation eliminated essentially all proteolytic bacteria when the fillets were stored at 1 C. However, some proteolytic bacteria survived for a few days after irradiation when the fillets were stored at 5 C.
During our studies (3, 4) on the preservation of freshwater fish, bacteria were isolated from irradiated and nonirradiated fresh yellow perch (Perca flavescens) fillets when the fillets were spoiled at refrigerator temperatures. Inasmuch as these organisms were associated with the spoilage of fish, we wanted to gain a better understanding of their relation to spoilage.
Microorganisms growing at low temperature and exhibiting proteolytic activity have been assumed to be primarily responsible for fish spoilage (7) . The conventional method of determining the proteolytic activity of microorganisms has employed skim milk, gelatin hydrolysis, or both. For a better evaluation of the proteolytic activity of microorganisms isolated from fresh and spoiling raw fish, a fish substrate simulating the natural composition of fresh, raw fish is also desirable. It was therefore necessary for us to develop a fish substrate that would be routinely available and that could be easily sterilized. To simulate natural conditions and to preserve the native state of labile constituents as much as possible, we used cold sterilization as the method. Although filtration sterilization could accomplish cold sterilization, the various manipulative difficulties that would be involved in filtering fish-juice removed this method from consideration.
We undertook the present study to develop this medium, to evaluate its suitability for testing proteolytic activity of bacteria isolated from fish, and to report (at a later date) on the incidence of proteolytic organisms in fresh and spoiling irradiated and nonirradiated fish.
MATERIALS AND METHODS
Raw fish-juice. Whole yellow perch obtained from Lake Michigan were caught either by gillnet or by trawl and were immediately frozen [about 20 lb (9.07 kg) per stock] for as long as 2 months. When needed, the raw fish-juice was prepared from the above stock as follows. Fish were eviscerated and skinned while still frozen. Flesh and bones were ground while in a semifrozen state and were pressed. For the latter operation, a Carver laboratory press, model B, was used. The pressed juice was first passed through a supercell prefilter pad, and then through a double thickness of Whatman no. 40 filter paper on a Buchner funnel. The juice was allotted in 100-mi portions and irradiated to a dose of 3 Mrad by means of the "0Co source at the Phoenix Memorial Laboratory of The University of Michigan. The (3, 4) . These organisms were obtained from six separate studies on the preservation of shelf-life. The isolates represented several species of the genera Pseudomonas; the Achromobacter-Alcaligenes group; Brevibacterium, Micrococcus, Flavobacterium, Bacillus, Sarcina, Microbacterium, Corynebacterium, Lactobacillus, Vibrio, Aeromonas; and a few yeasts.
Preliminary evaluation of raw fish-juice medium. To obtain a suitable concentration of fish-juice in the medium for detecting bacterial proteolysis, we tested a number of the organisms on several concentrations of the fish-juice contained in 1.5% agar. The concentration of raw fish-juice in the final medium ranged from 9 to 50%. Both ingredients were held at 42 C before they were mixed and poured into petri dishes. Only those bacterial isolates from yellow perch known to have a positive or negative proteolytic activity on 30% skim milk medium were employed in this preliminary fish-medium evaluation (Table 1) .
Proteolytic assay. Eight to 10 isolates (18-to 24-hr cultures) were streaked on plates of either fish juiceagar or skim milk-agar medium, and were incubated at 20 C for 24 to 48 hr. Caseinase or fish-protein protease activity possessed by the isolates could be an adaptive process that is elaborated only as needed.
Thus, stimulation of these extracellular enzymes may occur under repeated transfers to fresh substrate. Therefore, those isolates showing negative activity in either milk-agar or fish extract-agar were retransferred to fresh milk-agar or fish extract-agar. If proteolytic activity was not demonstrated after repeated transfers, the plates were further reincubated at 30 and 37 C, since these temperatures seemed more suitable for proteolytic activity for some of the isolates. Proteolytic activity was demonstrated by a clearing zone in the medium surrounding the bacterial growth.
RESULTS AND DISCUSSION
The raw fish-juice medium as finally composed contained 100 ml of sterile fish extract, which was added to 1 liter of sterile 1.5% agar. Both ingredients were held at 42 C prior to mixing. The selection of this mixture was primarily justified on the basis that all strains tested grew well on it, and their proteolytic enzymes produced a zone of clearing in the medium around or underneath the growth (Fig. 1 ). Higher concentrations of raw fish-juice in the medium delayed recognition of the enzyme activity or it was not detected at all (Table 1) . Comparatively, the zone of clearing was usually larger in the milk medium.
Two batches of irradiation-sterilized medium, prepared at different dates, were observed for sterility while under refrigeration (1 C). Superficial microbial growth was observed embedded in one batch after approximately 20 days. This growth consisted of many tiny pink colonies that were actively proteolytic after reisolation in raw fish juice-agar and skim milk-agar media, and incubation at 20 C. Microscopic examination of these cultures revealed cocci occurring in tetrads. On the basis of the unusually high resistance to irradiation, colony pigmentation, bacterium morphology, and proteolytic activity, these organisms resembled Micrococcus radiodurans isolated from cans of meat (1) Isolates representing the various genera commonly found in the freshwater fish and plated on the irradiation-sterilized fish-extract medium exhibited abundant growth in 24 hr at 20 C in all fish-juice concentrates prepared. Pugsley et al. (6) observed a postirradiation destruction effect when Escherichia coli was inoculated onto the surface of nutrient agar plates previously exposed to X irradiation. Solberg and Nickerson (8) reported inhibition rather than destruction of the microorganisms when these were inoculated onto the surface of chicken meat immediately after the meat was irradiated. Both authors demonstrated, however, that the effect dissipated as the time between exposure and inoculation increased. These findings were later confirmed (9) with irradiated chicken. When the chicken was inoculated as late as 25 hr after substrate-irradiation, only about 1 logarithm reduction in approximately a 104 inoculum was produced. Sydow and Tear (10) also found that irradiated synthetic final preparation of the medium, but it was also inoculated within 24 to 48 hr after being irradiated. Under these conditions, raw-fish juice-agar medium appeared suitable for testing proteolytic activity of bacteria isolated from fish. From a total of 1,145 isolates tested, 474 showed proteolytic activity in either medium. Of these, 420 were proteolytic in both media; an additional 45 were proteolytic only in the skim milk, and 10 others only in the raw fish-juice medium (Table 2 ). This result might indicate that an organism producing caseinase does not necessarily produce fish proteases or vice versa; however, this inference requires further investigation. The majority of the proteolytic organisms (93.2%) showed proteolytic activity at an incubation temperature of 20 C. An additional 5.5 and 1.3% showed proteolytic activity in either medium at 30 and 37 C, respectively.
Proteolytic activity was found mainly among bacterial isolates from nonirradiated fish ( Table  3) during storage of the fillets at either 1 or 5 C. Their outgrowth while in storage is presented in Fig. 2 . None of the genera Aeromonas, Achromobacter-Alcaligenes sp., Microbacterium, or Lactobacillus showed proteolytic activity. It is noteworthy ( Table 3 ) that more than half of the pigmented isolates showed proteolytic activity; further, these organisms in turn comprised 55% of the total proteolytic flora. Sarcina and Micrococcus sp., which comprised a large number of these pigmented organisms, were found to be actively proteolytic. All Flavobacterium, but only a few pigmented Brevibacterium, showed proteolytic activity on both media. Kazanas (3) storage at 1 C. Flavobacterium, which had reached counts of 107, was no longer detected after the 5th day, but pigmented Brevibacterium was found in large numbers at the time these fillets were scored as unacceptable.
Irradiation eliminated essentially all proteolytic bacteria in fillets stored at 1 C (Table 3 ). The few proteolytic bacteria found from irradiated fish were those isolated from fillets that were stored at a higher temperature (5 C). These were a few Pseudomonas, Bacillus, and Brevibacterium that appeared to have survived in the fillets for only a few days after irradiation.
Although yeasts isolated from irradiated and nonirradiated fish were not tested for proteolytic activity, a few pink yeasts resembling Rhodotorula sp. and found among the bacteria isolated in TPY 
